Introduction
Osteosarcoma is an aggressive malignancy primarily occurring in the bone of both children and adults. Although primary bone cancers account for less than 0.2% of all cancers, 1 their frequency has kept increasing by 0.3% annually over the past decade according to the National Cancer Institute SEER program. 2 The clinical treatment of osteosarcoma involves chemotherapy in combination with surgery. Depending on the success of therapy, the 5-year survival rates of patients with localized tumors have increased ranging from 60% to 80%, while patients with detectable metastases at the time of diagnosis or recurrences usually have poor prognoses, with reports of 5-year survival rates as low as 19%. [3] [4] [5] [6] In addition, many targeted therapies have been tried over the past 20 years. 7 However, these therapeutic strategies have had minimal beneficial effects on the improvement of survival outcomes. [7] [8] [9] [10] This is primarily due to the fact that the genetic etiology of osteosarcoma is extremely heterogeneous and has not been fully understood. 11 Thus, the identification of new molecule targets is submit your manuscript | www.dovepress.com
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Wang et al urgently needed for the improvement of clinical approaches and outcomes of osteosarcoma patients. Insights gained from the latest research on cancerrelated molecules may lead to better clinical prognostic evaluations for patients with cancer. Long noncoding RNAs (lncRNAs), previously viewed as transcriptional "noise," 12 have been currently recognized as functional molecules that play essential roles in various biological processes and diseases including cancers. 13, 14 Accumulating evidence has confirmed that abnormal expression of multiple lncRNAs confers cell proliferation, metastasis, and drug resistance in osteosarcoma. [15] [16] [17] [18] Hence, we conducted a meta-analysis to identify the exact role of lncRNAs in the prognosis of osteosarcoma patients. Moreover, we summed up the correlation of distinct lncRNAs and the prognosis of osteosarcoma patients in the current study. The pooled results from meta-analysis indicated that deregulated expression of lncRNAs might considerably affect the overall survival (OS) of osteosarcoma patients and may serve as useful biomarkers of osteosarcoma prognosis. This may provide us with new insights into the clinical value of application of joint detection of some of these potential biomarkers in predicting prognosis and the determination of therapeutic strategies of osteosarcoma.
Materials and methods literature search strategy
We primarily conducted a systematic selection of literature published in English from the databases of PubMed, Web of Science, and Embase. A comprehensive search was performed based on the varying combination of the following subject terms: osteosarcoma, prognosis, long non-coding RNA, or lncRNA. The last update of searching time was May 19, 2017 . A second search was performed on September 22, 2017, using the same keywords in the databases including PubMed, Web of Science, Embase, and Elsevier ScienceDirect. A total of 116 articles were returned in the second search.
selection criteria
Titles and abstracts of the retrieved articles were first checked by two authors (Ying Wang and Yuelong Huang), and 42 duplicate articles were removed. Afterward, we came up with inclusion criteria for eligible articles that were analyzed for our full-text evaluation: 1) studies about the correlation between lncRNA expression in tumor tissues or blood and prognosis of patients with osteosarcoma; 2) the survival outcomes that were measured with OS; 3) the detection method of lncRNAs which was restricted to quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) or fluorescence in situ hybridization (FISH). The inclusion criteria are shown in Table 1 . Studies that are not fitting the aforementioned inclusion criteria, laboratory studies, reviews, and articles of other tumors were excluded.
Data extraction
All data were retrieved from eligible studies independently by two authors (Ying Wang and Yuelong Huang). Data extracted from eligible studies were shown as follows: first author's name; study publication year; investigated lncRNA; sample size; survival outcome parameter; follow-up time; hazard ratios (HR) with 95% confidence interval (95% CI); P-value. If HR and 95% CI were not directly given in the original literature, data in tables or figures were extracted. Differences of opinion were discussed with a third investigator (Peng Xiang).
statistical analysis
Some individual HRs with 95% CI were calculated based upon the extracted log-rank P-value and Kaplan-Meier survival curves of survival outcomes with the number of patients using Engauge Digitizer version 4.1 and Tierney's method. 19 The log HR and standard error (SE) were used for aggregation of the survival outcomes of different lncRNAs. In our meta-analysis, we evaluated the heterogeneity using a fixedeffect model without significant heterogeneity (P.0.1 and I 2 ,50%); otherwise, the random-effect model was applied in RevMan 5.2 software. All P-values were two sided, and a P-value of ,0.05 was considered significant.
Results
characteristics of included studies
As shown in Figure 1 , 116 studies were returned after we searched for the second time through databases, such as PubMed, Web of Science, Embase, and Elsevier ScienceDirect. A total of 42 duplicated records were eliminated. 
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After two authors carefully reviewed the titles and abstracts independently, we further removed 50 unqualified publications, including 38 laboratory studies, four review articles, seven other types of cancer study, and one retracted study. Moreover, studies that did not use OS as survival parameters (n=8) were excluded as well. Thus, 16 eligible articles were finally included. All the enrolled studies analyzed the prognosis of 1,361 patients diagnosed with osteosarcoma with or without initial evidence of metastasis and the association between the expression level of 12 lncRNAs and survival outcomes. All the necessary information of included studies is displayed in Tables 1 and 2 . As shown in Table 2 , the number of patients included in each study ranged from 33 to 168, and the duration of follow-up varied from 60 months to a maximum of 120 months. Of the enrolled studies, 15 included participants from China 15, 17, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] and one involved patients from Brazil. 33 All studies investigated patients with osteosarcoma and qRT-PCR was applied for the evaluation of the expression level of each lncRNA.
Overall analysis
A total of 10 lncRNAs were indicated to negatively affect the OS of patients, while two lncRNAs were associated with favorable OS outcomes. All HRs, 95% CI, and P-values of included studies are listed in Table 3 .
subgroup analysis
Among the 12 listed lncRNAs, four (TUG1, UCA1, BCAR4, and HULC) have been studied in more than one article. We therefore carried out meta-analysis and obtained the combined HRs.
TUg1
We included two studies concerning the correlation of TUG1 expression with OS of osteosarcoma patients. Table 3 .
We then carried out meta-analysis with these two articles. No heterogeneity between studies was observed, and therefore fixed-effect model was applied. A combined HR of 2.98 (95% CI: 1.54-5.75, P=0.001) for those patients with high expression of TUG1 was observed (Figure 2 ). These results indicate that overexpressed TUG1 could predict worse prognosis of osteosarcoma patients concerning OS and could be used as an independent prognostic marker.
Uca1
Two studies described the overexpressed UCA1 as a significant predictor of poor OS in osteosarcoma. Li et al 22 reported the relevance of UCA1 expression to prognosis of osteosarcoma patients in a cohort of 135 patients. This article presented Kaplan-Meier survival curves, HR, and log-rank P-value, without information about 95% CI; as such, HR with 95% CI was calculated and is shown in Figure 3 ). These results suggest that high expression of UCA1 might develop as an independent predictor of survival for osteosarcoma patients.
Bcar4
We carried out meta-analysis with two studies demonstrating the elevated expression of BCAR4 as predictive of poor OS in osteosarcoma. Chen et al 24 and Ju et al 25 enrolled, respectively, 60 patients and 168 patients diagnosed with osteosarcoma who had never received any therapy prior to surgery. Both studies performed Kaplan-Meier survival analysis. We observed no significant heterogeneity between these two studies (I 2 =0%, P=0.63). Further meta-analysis using fixed-effect model revealed that high expression of BCAR4 could be used as an independent predictor of inferior prognosis of osteosarcoma patients (HR =2.60, 95% CI: 1.38-4.92, P=0.003; Figure 4 ).
hUlc
We performed meta-analysis on articles choosing lncRNA HULC as a prognostic marker. There were two studies included in this meta-analysis. In Sun et al's 17 study, multivariate Cox regression analysis was conducted, the data such 
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Prognostic lncrnas for survival prediction of osteosarcoma patients as HR and 95% CI were subsequently directly extracted and put into pooled analysis. Uzan et al 33 enrolled 33 patients in the study, which presented Kaplan-Meier OS curves with corresponding log-rank P-value, in place of multivariate Cox regression analysis result, the HR (HR =2.27, 95% CI: 0.61-8.44, P=0.016) for death was therefore calculated and shown in Table 3 . Since there was no evidence of considerable heterogeneity in these two studies (I 2 =0%, P=0.99), the fixed-effect model was selected. A combined HR of 2.28 (95% CI: 1.27-4.08, P=0.006) for patients with high expression of HULC was found ( Figure 5 ), from which we drew the conclusion that high expression of HULC is an independent predictor of poorer survival in patients diagnosed with osteosarcoma.
Discussion
Up to date, the clinical treatment for osteosarcoma is still limited and little prognostic improvement has been achieved from the past 2 decades' research on either traditional or novel therapeutic approaches. Hence, novel biomarkers that may facilitate the prediction of prognosis of patients with osteosarcoma are still urgently needed. Recently, increasing evidence has demonstrated that lncRNAs can help assist or hinder tumor growth and metastasis. Even more important, multiple aberrantly expressed lncRNAs have been found to be involved in the development of osteosarcoma and may have prognostic potential in this disease.
In our study, a total of 16 recently published articles comprising 12 lncRNAs that were potential biomarkers for survival prognosis and 1,361 patients were included. In this study, we performed a meta-analysis to investigate the potential role of these lncRNAs as novel prognostic biomarkers of survival in osteosarcoma. All qualified studies used qRT-PCR to detect lncRNAs expression. In most of the selected studies, the patients with osteosarcoma were classified into high and low expression groups according to the median expression level of each examined lncRNA, while in studies by Ma et al 20 and Uzan et al, 33 the lncRNA expression cutoff value was determined based upon the receiver operating characteristic analysis. In terms of the prognostic value, the high expression level of 10 lncRNAs was associated with poor prognosis, as was the low expression level of two lncRNAs.
Our meta-analysis focused on four lncRNAs (TUG1, UCA1, BCAR4, HULC), the putative prognostic value of which in osteosarcoma has been clearly demonstrated in more than one study. The lncRNA TUG1, short for Taurine upregulated gene 1, was originally reported to be upregulated in response to taurine treatment of developing mouse retinal cells and has been frequently described as an oncogene in various human cancers. [34] [35] [36] UCA1 (urothelial carcinoma associated 1) was initially identified in human bladder carcinoma and has been shown to exert oncogenic activity in other human malignant tumors such as pancreatic cancer 
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Wang et al and lung cancer. [37] [38] [39] BCAR4 (breast cancer antiestrogen resistance 4) was first identified in screening for tamoxifen resistance-associated genes in breast cancer and has been recently implicated in the positive regulation of cell proliferation, invasion, and metastasis, 40, 41 demonstrating this molecule as a critical oncogene. HULC (highly upregulated in liver cancer) is one of the first strongly overexpressed lncRNAs to be identified in primary tumors of the liver. 42 Since it was discovered, the aberrant upregulation of HULC has been frequently observed in other types of tumors and has been described in various cellular processes such as cell proliferation, metastasis, and angiogenesis. 43, 44 To enhance the statistic power to confirm the prognostic efficacy of these lncRNAs in osteosarcoma, subgroup analysis with a fixed-or random-effect-model was carried out in the current study. The combined HRs indicated that elevated expression of TUG1, UCA1, BCAR4, and HULC was significantly correlated with poor prognosis of osteosarcoma patients (Figures 2-5 ), suggesting their potential role as prognostic biomarkers. It is noteworthy in this study that the qRT-PCR technique was applied in all enrolled studies to detect the expression level of lncRNAs that made pooled data from different independent studies more convincing in the case of consistent measurement background, yet it was also noticed that the detailed procedure of this technique used across the studies was similar but not identical. To be used as a prognostic biomarker, the qRT-PCR detection method should be routinely implemented to detect and quantify the expression of specific lncRNA, and this calls for the establishment of the standardization of the implementation processes across different clinical laboratories and appropriate quality controls that directly relate to the feasibility and reproducibility of the application of qRT-PCR, as well as the evaluation of the sensitivity and specificity of this technique. In consideration of the complicated experimental processes and influencing factors, it is essential that large-scale multicenter prospective studies need to be conducted after the standardization of the experimental scheme to investigate the feasibility and reproducibility of this technique in the future.
It should be highlighted that there are some limitations in the current study where further refinement is needed. First, as studies involved were published in English only, the bias of selection could occur. Second, due to the reason that the size of the eligible literatures was relatively small, the meta-analysis was carried out on very few numbers of studies and there was only one study for most of the investigated lncRNAs, which will probably lead to an overestimate of the prognostic value of these lncRNAs. Third, even though these involved lncRNAs could independently predict the prognostic outcomes, there is still lack of lncRNAs that are specific biomarkers for clinical evaluation of patients with osteosarcoma. Finally, the dominant ethnic group of patients in our study was Chinese; therefore, our results should be interpreted with great caution when applying our results to other populations.
Conclusion
In summary, our results confirmed the relatively strong prognostic value of the transcription level of lncRNAs that have been detected in different population-based cohort studies in osteosarcoma. Nevertheless, in consideration of the abovementioned limitations, these findings need to be further verified by larger numbers of clinical trials in the future to confirm the clinical utility of these lncRNAs in osteosarcoma prognosis evaluation.
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